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A NOVEL RECEIT'OR-TYPE TOIOSINE la^ THEREOF 

The present invention relates generally to a novel receptor-type tyrosine kinase 
5 aiul to ^netic sequences encoding same. 

Tyrosine kinases form an inq>ortant class of molecules involved in the 
regulation of growth and dififerendation (1). One mode of proof for this role 
came horn die identificadon of receptors vidiidi bind known soluble growth 

10 factors. The receptors for epidermal growth factor (EGF) (2), platelet derived 
growdi factor (PDGF) (3) and cok>ny stimulating factor-1 (CSF-1)(4) were all 
shown to be transmembrane molecules with the cytoplasmic regions encoding a 
tyrosine kinase catalytic domain* The CSF*1 receptor is homologous to die 
PDGF recept€»r in both the catalytic and extracellular domains (IJS). The extra 

15 cellular domain of these proteins is distinguished from other tyrosine kinases 
by the presence of immunoglobulin-like repeals (1,6). Based on structural 
properties of the kinase domain, the c-kit protein was identified as another 
member of this family (7). The c*kit gene locus appears to underpin the 
defects in the congenitally anaemic W/W mouse (8~10). The ligand has now 

20 been identified (11-14) as shown to be encoded by the SI locus* The locus is 
abnormal in the Steel mouse (IS) vMdi has identical defects to the W/W 
mouse but encodes a normal c-kit gene. 

Ihe other line of evidence for a critical role of Qrosine kinase proteins in 
25 growth control came from the study of viral oncogenes (16-17). Hiese genes 
were shown to be direcdy involved in growdi d|ysregu]ation by observations of 
a change in cell growth following introduction of DNA encoding these genes 
into fibroblasts. All oncogenes have been shown to have close cellular 
homologues (proto-oncogenes). One of the first identified oncogenes was yrsrc^ 
30 the cellular homologue (c-src) is die protoQfpical representative of the family 
of cytoplasmic tyrosine kinases which, following myristjiation, become 
associated with the inner leaf of the cell membrane (18). Within the 
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haemopoietic system a number of lineage-restricted snrlike kinases have been 
defined (19). 

The T celI*associated src-like kinase, Idc, has been shown to associate 
5 independently with both the CD4 and CDS transmraibrane glycoproteins to 
form a signalling complex (20^21). By €x>ntras^ \reib-B and vfms, like their 
cellular homologues the EGF receptor and CSF 1 receptor, respective^, are 
transmembrane molecules encoding the entire signal transducdon madiinery in 
a single polypeptide (147)- 

10 

Detailed analysis of the amino add sequences of these proteins has revealed 
conserved structural motife within the catalytic domains (S). Both ^rosine and 
serine-threonine kinases have a consensus GXGXXG sequence which is found 
in many nucleotide binding {HOteins (S). Other conserved sequence motifs are 

IS shared by bodi types of kinase while others are spedfic for the tyrosine or the 
direonine-serine kinase subgnn^ (5). The tyrosine Idnases, while having 
regions of sequence conservation specific to diis f amity, can be further 
subdivided according to the stractural features of die reg;ions 5* to the catalytic 
domain (1,4*7). The novel ^rosine kinase of the present invention exhibits the 

20 same general characteristics as previously known tyrosine kinases* 

In accordance with the present invention, a new receptor-type tyrosine kinase 
is provided and vi^ch is identified as a member of the eph/elk family of 
^osine kinases (22,23)* The novel tyrosine kinase receptor is designated HEK 
25 ("human eph/elk^like kinase"). As the present inventors have identified 

e^qiression of HEXin both pre*B and T cell lines, the receptor molecule of die 
present invention and/or its Ugand is contemplated herein to have particular 
applicabili^ for use as agents in the in idsa modulation of the production 
and/or function of pre-B, B and T cells. 

30 
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Accordingly, one aspect of the present invention provides an isolated receptor- 
type tyrosine kinase, said tyrosine kinase characterised by, in its naturally 
occurring form, being reactive to the moiK)clonal antibody IILA4, having an 
5 apparent molecular weight of approximately 120-150 kD in the glycosylated 
form and having an N-terminal amino add sequence comprising: 

E L I P Q P. 

Preferably, the tyrosine kinase has an N-terminal amino acid sequence . 
10 comprising: 

ELIPQPSNEVNLXD, 
wherein X is any amino add and is preferably L. 

More preferably, the tyrosine kinase has an N-terminal amino add sequence 
15 comprising the amino adds: 

ELIPQPSNEVNLXD (S)KXMQ, 
wherein X and X^ are any amino add and preferably L and T, respectively. 

Even more preferably, the tyrosine kinase comprises the amino add sequence 
20 set forth in Rgure 1 or any parts or portions thereof, or having an amino add 
sequence with at least 30% homology to the amino acid sequence set forth in 
Figure 1 and having the identifying diaracteristics of HEK More prefereft^ly, 
the degree of homology is at least 40%, still more preferably at least 55, even 
more preferably at least 70% and still even more preferably greater than 80%. 

25 

Ibe hybridoma producing the monodonal antibody III A4 was deposited at 
Public Health Laboratory Service, European Collection of Animal CeU 
Cultures, Porton Down Salisbury, UK, on 20 June, 1991 tmder accession 
number 91061920. 
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The tenn "isolated" as used in r^adon to die t^sine kinase of die present 
invention includes a biologically pure preparation comprising at least 20%, 
preferabty at least 40%, more preferably at least 60% and even more 
5 preferably at least 80% of die jrotein relative to other molecules as 
detomined by weight, activiQr or other convenient means. The term also 
encompasses any form of die protein not in die naturally occurring state sudi 
as, but not limited to, a preparation of membranes containing die protein, a 
preparation of the protein s^arate firom" die membrane or a supematam fluid 
10 comprismg said protein. The pr^wration m^ be glyoosjdated, partially 

unglycos^ated or complete ungtycosylated or may have a ^ycossdation pattern 
altered bcm. what is naturally occurring. 

The tyrosine kinase of the present invention is e^essed on a mimber oi 
15 tumoins of human origin. In particular, data are presented herein showing 
HEK expression in human lyaq>hoid tumour cell lines LK63, Lila-l, JM, 
MOLT4 and HSB-2 and the human epidielial tumour HeLa. One skilled in the 
art, however, will immediately recognise diat similar or homologous kinases 
may exist on non-tumour cells or on non-human tumours and -niudi have 
20 similar properties to the tyrosine kinase of die present invwition. For example, 
the results contained hereui show some e^qxression of HEK in heart musde. 
Accordm^, the present invention extends to a tyrosine kinase functionally and 
structural^ similar in any or all respects to die tyrosine kinase her«n 
described including a kinase of non-tumour origjn. 

25 

Tlie present invention extends to preparations comprising the naturally 
occurring form of die tyrosine kinase protein, indudmg any naturally occurring 

derivative frams diereof, as well as to syndietic and recombinant forms of the 
protein including any single or multiple amino acid substitutions, deletions 
30 and/or insertions to the polypeptide portion of the kinase and to analogues 
and homologues thereof. Such amino add alterations to the molecule are 
examples of recombinant or synthetic mutants and derivatives of the kinase. 
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Insertions include amino acid and/or carbosgi terminal fusions as well as intra- 
sequence insmions of single or multiple amino adds. Generally, insertions 
within the amino add sequence will be smaller than amino or caaboxyl 
terminal fusions, of the order of say 1 to 4 residues. Insertional amino acid 
5 sequence variants are those in \i4uch one or more amino add residues are 
introduced into a predetermined site in the protein. Deledonal variants are 
characterised by the removal of one or more amino adds from the sequence. 
Substitutional variants are those in in^di at least one residue in the sequence 
has been removed and a different residue inserted in its place. Such 
10 subsitudons generally are made in accordance with the foUowing Table 1. 

TABLE 1 

Original Residue Exemplar y Substitutinns 





Ala 


Ser 


15 


Arg 


Lys 




Asn 


Gin; His 




Asp 


Glu 




Cys 


Ser 




Gin 


Asn 


20 


Glu 


Asp 




Gly 


Pro 




His 


Asn; Gin 




He 


Leu; Val 




Leu 


ne; Val 


25 


Lys 


Aiig; Gin; 




Met 


Leu; ne 




Phe 


Met; Leu; 




Ser 


Thr 




Thr 


Ser 


30 


Tip 


Tyr 




Tyr 


Trp; Phe 




Val 


lie; Leu 
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Generally amino adds are replaced by other amino acids having like 
properties, such as hydrophobidty, hydrophilidty, electronegativity, buU^ side 
chains, etc. 

5 Amino acid substitudons are Qpically of single residues; insertions usually will 
be on the order of about 1-10 amino add r^dues; and deletions will range 
from about 1-20 residues. Deletions or insertions preferably are made in 
adjacent pairs, i.e: a deletion of 2 residues or insertion of 2 residues. 

10 The amino add variants referred to above m^ readify be made using x)eptide 
synthetic tedmiques well known in the art, such as solid phase peptide 
syntiiesis (Merrifield; J. Am. Chem. Soa, 85: p2149, 1964) and the like, or by 
recombinant DNA manipulations. Tedmiques for making substitution 
mutations at predetermined sites in DNA having known sequence are well 

15 known, for example M13 mutagenesis. Tlie manipulation of DNA sequences 
to produce variant proteins ^^ixidi manifest as substitutional, insertional or 
deletional variants are well known in the art and are described for example in 
Maniatis £t al (Molecular Cloning: A Laboratory Manual; Cdld Spring 
Harbor Laboratory, 1982). 

20 

Other examples of recombinant or synthetic mutants and derivatives of the 
tyrosine kinase protein of diis invention include single or multiple substitutions, 
deletions and/or additions to any molecule associated widi the kinase such as 
carbohydrates, lipids and/or proteins or polypeptides. loirthermore, it is 
25 possible that the tyrosine kinase protein of the present invention is a 

genetically altered version of a similar protein on normal cells. The present 
invention, therefore, extends to the tyrosine kinase protein from tumour or 
non-tumomr origin and to all genetically altered forms thereof. 

30 The terms "analogues" and "derivatives" extend to any functional chemical 

equivalent of the tyrosine kinase protein charactoised by its increased stabili^ 
and/or efficacy in vivo or in idtra The terms "analogue" and "derivatives" also 
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extend to any amino acid derivative of the tyrosine kinase protein as described 
above. 



Analogues of /£EX contemplated herein include, but are not limited to, 
5 modifications to side chains, incorporation of unnatural amino acids and/or 
derivatising the molecule and the use of crosslinkers and other methods wbich 
impose conforaiational constraints on the peptides or their analogues. 
Examples of side chain modifications contemplated by the present invention 
include modifications of amino groups sudi as by reductive alk>dation by 

10 reaction with an aldehyde followed by reduction with NaBH4; amidination with 
methylacetimidate; aeration with acetic anhydride; carbamoylation of amino 
groups with cyanate; trinitrobenzylation of amino groups with 2, 4, 6 
trinitrobenzene sulphonic acid (TNBS); acyiation of amino groups with 
succinic anhydride and tetrahydrophthalic anhydride; and pyridoogdation of 

15 lysine with pyridoxal-5'-phosphate followed by reduction with NaBH4, 

The guanidino grDiq> of arginine residues may be modified by the formation of 
heterocyclic condensation products with reagents such as 2^- butanedipne, 
phenyiglyoxal and glyoxal. 

20 

The carbo3^ group may be modified by carbodiimide activation Yia O- 
acylisourea formation followed by subsequent derivitisation, for example, to a 
corresponding amide* 

25 Sulphydrjl groups may be modified by methods such as carboxymethylation 
with iodoacetic add or iodoacetamide; performic add oxidation to cysteic add; 
formation of a mixed disulphides with other thiol compounds; reaction with 
maleimide, maleic anhydride or other substituted maleimide; formation of 
mercurial derivatives using 4-chloromercuribenzoate, 4- 

30 chloromercuriphen>4suIphonic acid, phenylmercury chloride, 2-chloromercuri-4- 
nitrophenol and other mercurials; carbomoylation with cyanate at alkaline pH. 
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Tryptophan residues may be modified by; for example, asidation wUh N- 
bromosucdnimide or alkjiadon of the indole ring with 2-hyro^5-nitrobenzyl 
bromide or sidpihenyl halides. Tyrosine residues on the other hand, may be 
altered by nitration ^th tetranitromethane to form a 3-iiitro^ro5ine derivative. 

5 

Modification of ibe imidaxole ring of a histidine residue may be accomplished 
by allegation mtfa iodoacetic acid derxvatives or N-caibetho:^ation with 
diethyipyrocarbonate. 

10 ^Qsamples of incorporating unnatural amino adds and derivatives during 
protein synthesis include, but are not limited to, use of norleucine, 4-amino 
butyric add, 4-amino-3-hydrQ3^5-phen^[)entanoic add, 6-aminohexanoic add, 
c-butylgjydne, norvaline, phenylglydne, ornithine, sarcosine, 4-amino-3-hydraxy- 
6-metfa^eptanoic add, 2-tfaienyl alanine and/or D-isomers of amino adds. 

15 

Qrosslinkers can be used, for example, to stabilise 3D conformations, using 
homo-bifunctional crosslinkers sudi as the bifunctional imido esters having 
(CH2)n spacer groiq>5 with n = 1 to n= 6, g^utaraldehyde, N- 
hydrojQ^ccimmide esters and hetero-bufinctional reagents which usually 

20 contain an amino-reactive moiety such as N-hydn>:^«ucdnimide and another 
groi^ specnfic-reactive moie^ sudi as maleimido or didiio moiety (SH) or 
caibodiimide (CXX>H). In addition, peptides could be oonformationally 
constrained by, for example, incorporation of and N^-meth]^amino adds, 
introduction of double bonds between and atoms of amino adds and 

25 the formation of cyclic peptides or analogues by introducing covalent bonds 
sudi as forming an amide bond between the N and C termini, between two 
side chains or between a side chain and die N or C terminus. 

The present invention, therefore, extends to peptides or potypeptides and 
30 amino add and/or chemical analogues tiiereof having the identifying 

diaracteristics of HEKbs broadly described herein, and/or to regions thereof 
capable of, or responsible for, its action in transducing signals or in stimulating 
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cellular responses such as growth aod/or differentiation. 

Accordingly, reference herein to the receptor-^pe tyrosine kinase of the 
present invention includes the naturally occurring molecule, recombinant, 
5 synthetic and analogue forms thereof and to any mutants, derivatives and 
human and non-human homologues thereof. All such kinases are encompassed 
by the term "HEK', 

The present invention further extends to the ligand for the novel receptor^type 

10 tyrosine kinase described herein and to any agonists and antagonists (e.g. 
soluble form of the receptor) of the enzyme. Since the tyrosine kinase is an 
oncogenic protein, antagonists to the receptor are of particular relevance and 
fall witliin the scope of the present invention. Such anta^nists include 
antibodies (monoclonal and polyclonal), the enzyme itself in soluble form or 

15 otherwise, specific peptides, polypeptides or proteins and carbohydrates, 
amongst others. These types of antagonists are useful in developing anti- 
tumour agents iK^ere the growth or maintenance of the tumour itself is 
supported by tiie tyrosine kinase of the present invention. Accordmgly, the 
addition of an effective amoimt of an antagonist to the tumour-associated 

20 receptor-type tyrosine kinase will inhibit, reduce or otherwise interfere with the 
receptor activity of the protein and thus prevent, reduce and/or inhibit tumoiur 
growth. The present invention, therefore, extends to pharmaceutical 
compositions comprising one or more antagonists to the Qrosine kinase herein 
described and one or more pharmaceutically acceptable carriers and/or 

25 diluents. 

Ligand(s) for HEKbtg capable of being screened for in a number of ways. In 
one protocol, an expression vector (e.g. AP-TAG-//ER) is selected which 
encodes the entire extracellular region of HEK fused to an appropriate 
30 reporter molecule like alkaline phosphatase. The fusion protein e?q>ressed in 
cells is recovered from cell supematants and used to stain (using the reporter 
molecule) tissue sections using the methods as described by Flanagan and 
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Leder (39% the disclosure of wbxdi is incorporated herein by reference. Once 
cellular sources of ligand are identified these cells are then used to construct 
an e]q>ression library. If the ligand is cell bound (eg membrane bound), the 
e^esrfon vector (eg. AP-TAG-/iER5 is used to stain pools to seardi for 
5 positive clones. If die HEXligand is secreted, then anodier stratogyTvill be 
required. In this case, supematants of pools can be used to screen for 
induction of JOEK^pIiosphorylation in LK63 or HEKTtransfectants. 
Alternatively, supematants from tissues producing iiEX ligand can be used as 
a source in affinity purification on columns to ^wfaich the product of, for 
10 example, piEE14^/il[E:firis linted as a specific ateoibent. The sequence of the 
purified ligand ^will be determined and this informadon used to done the HEK 
ligand from cDNA libraries. 

Another aspect of the present invention is directed to a nucleic &dd isolate 

IS comprising a sequence of nucleotides encoding die novel receptor-type Q^rosine 
kinase (inctuding its recombinant, synthetic, mutant; derivative, analogue and 
homologue forms)* The nucleic add sequence may conqnise 
deosyriboimdeotides or ribonucleotides and may exist in single or double 
stranded fbrm, alone or in combination ^tii a vector or eaqxression vector 

20 molecule. The nudeic add may be natural^ occurring RNA or DNA or may 
be cDNA inphiditig conq>Iementary forms tiiereof. The nudeic add molecule 
may also contain sixigle or multiple nudeotide substitutions, deletions and/or 
additions relative to the nudeotide sequence encoding the naturalty occurring 
or recombinant form of the protein. The vectors containing the nudeic add 

25 sequences of the present invention may replicate in eukaryotes and/or 

prokaryotes and contain promoter sequences capable of eapression in one or 
both of these ^pes of cells. Suitable cells indude mammalian, insect, yeast 
and/or bacterial cells. Particularly preferred cell ^pes indude CMO, 
baculovirus and E^jqqIl cells. The preferred nudeotide sequence compridng 

30 HEKis set forth m Rgure 1. The general techniques of recombinant DNA 
technology, induding isolation of recombinant proteins, are well known and 
are described for example in Maniatis etal (Supra). 
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This invention also provides a transgenic cell or cell culture carrying a nucleic 
acid isolate as described above. 

In another aspect, diis invention provides a pharmaceutical composition 
S comprising a soluble form of the receptor-type tyrosine kinase as broadly 
described herein, said composition further comprising one or more 
pharmaceutically acceptable carriers and/or diluents. 

This invention also extends to methods of use of the novel receptor-type 
10 tyrosine kinase of this invention and of anta^nists to ligands binding to this 
^rosine kinase. 

In one aspect, this invention extends to a method of ameliorating the eSFects of 
interaction or binding between HEKzod its ligand in a mammal comprising 
15 administering to said mammal an ^ective amount ci the antagpnist to a 
ligand binding to the tyrosine kinase of this invention. 

The invention also extends to a method of phosphoiylating a protein 
compri^g contacting a preparation of said protein with an effective amount of 
20 tiie receptor-type tyrosine kinase of this invention for a time and under 
conditions sufficient to effect phosphor^ation of the protein. 

In yet another aspect, the invention provides a method of screening for a 
ligand bound to tissue or cells to the receptor-type tyrosine kinase of this 
25 invention comprising contacting the tyrosine kinase fused to a reporter 

molecule c^qpable of producing a detectable signal to the tissue or cell sample 
to be tested for a time and imder conditions sufficient for the fused tyrosine 
kinase to bind to a ligand on said tissue or cells and then detecting the 
reporter moleoile* 

30 



wo 93/00423 



-12- 



PCr/AU92/00294 



The invention ftnther provides a method of sareening for a soluble ligand to 
the receptor^type tyrosine kinase of this invention comprising contacting a 
sample to be tested wilh a cell line enable of expressing the tyrosine kinase 
5 and screening for phosphorjdation in said cell line. 

One skilled in the art will, however, immediately recognise that a varied of 
mutadons, derivatives or chemical alternations can be made to the sequence to 
encode, for example, the analogues and derivatives disclosed above. The 
10 present invention also extends to short nucleic add molecules i^di can act as 
nucleic add probes to screen for the presence of the /ZE/Il gene or mutations 
therein. 

The present invention is further described with reference to the following non- 
15 limiting Ingures and Examples. 

In the Hgures: 

Figure 1 is a representation showing nudeotide sequence and deduced amino 
20 add sequence of HEfiT coding sequence with partial 3* and 5* untranslated 
sequence. Numbers at rig^t inc&cate positions of nudeotides and numb^ 
above amino adds refer to amino add sequence. A single underline indicates 
the presumed signal peptide. Double underline indicates the presumed 
transmembrane region. Dashed overline indicates identity between the 
25 predicted amino add sequence and the sequence obtained firom purified HEK 
protein. Triangles indicate potential sites for N-linked gjlyco^ation within die 
extra-cellular domain. Dots indicate the putative ATP-binding site. The 
diamond indicates a putative autophosphorylation site. Asterisks indicate stop 
codons. 

30 
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Figure 2 is a representation shoi;(dng protein sequence alignment of HEKwiih 
elk, a related gene within the eph/elk family. Alignment was performed using 
the GAP programme- Amino add positions are numbered on the right. Dots 
5 in the sequence indicate gaps introduced to optimise the alignm,enL Dashes 
indicate identity between amino adds. Asterisks indicate stop codons. Dots 
above the line of amino adds indicates residues contributing to the two repeats 
of homology with fibronectin type HU withm the C-terminal regions of the 
extracellular cfomains. Triangles above the line of amino adds highli^t 
10 conserved cyseine residues within the N-terminal region. 

Figure 3 is a photographic representation showing eaqsression of iiEKin COS 
cells. The HEKA3 kb cDNA done was subdoned into the expression vector 
CDM8. COS cells were transfected with this construct using DEAE- 
15 dextran/chloroquine and DMSO. Two days after transfection cells were stained 
in situ with the IIIA4 MAb followed by FTTC-conjugated sheep and-mouse Ig 
and photographed under light microscopy (panel A), or fluorescence 
microscopy (panel B). Magnification X400. 

20 Figure 4 is a photographic representation of Northern blot analysis of HEK 
egression in cell lines. Poly (A) + RNA ftom human cell lines was 
fractionated on an agarose/fbrmaldehyde gel and transferred onto Hybond-C 
extra membrane. The filter was hybridised with the HEK^JS kb cDNA (upper 
panel). The same filter was hybridised with GAPDH as a quantitative control 

25 (lower panel). REH, NALM-1 and FAKEM are pre-B leukaemic cell lines. 
BALL-1 is an early B leukaemic cell line. RAMOS is a mature B leukaemic 
cell line. HSB-2, HPB-ALL and JM are T leukaemic cell lines. 

Rgure 5 is a photographic representation showing Northern blot analysis of 
30 i/ES: expression m cell lines. Poly A* RNA fi-om human ceU lines was probed 
for i/£X:e;q>ression as above. Molt 4 is an immature T cell line. RC2a, HL60 
and U937 are myelomonocytic cell lines. In this experiment, RNA was 
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ejaracted from HL60 and U937 after treatment of cells with tetra decannoyl 
phorbolmyristic acetate (TPAX an activator of pnjtein kinase C. U266 is a 

mature B oeU line. 



5 Figure 6 is a photogr^duc representation showing Northern analysis of HEK 
ea^iession in adult post mortem tissues. A multiple tissue Northern blot was 
purchased commerdalty and probed for HESTe^esaon under conditions 
suggested by the manufactuera- (Qontedi). The 131db band in pancreas is too 
small to reiHesent a transcript for a secreted form of HEK and is probabty due 
10 to cross hybridisation. 

Figure 7 is a photographic representation showing Southern blot analysis of 
HEKin cell Knes and normal human peri|Aeral blood ceU DNA. Samples w^e 
digested with EBnd m (lanes 1-3) or Bam HI (lanes 4-6)» run on a 1% agarose 
15 gel and transferred to Zets^robe membrane. TTie membrane was hybridised 
with a 1.1 kb fragment of HEK extending frran nucleotides 1,109 to 2,241 (see 
Fig 1). Lanes 1 and 4, normal perq)heral blood; Lanes 2 and 5, LK63 cells; 
lanes 3 and 6, 0^63/0020+ ceQs. 

20 ngme 8 is a photographic representation showing in. sim. hybridisation. The 
- l.lld> HEKFCR product referred to above was nidc translated widi biotin- 
14-dATP and hybridised iiLSiDL at a probe concentration of 5 ng/td to 
metaphases fixmi two normal males. Chromosomes were stained before 
ana^is with bodi propidium iodicfe (as counterstain) and DAPI (for 

25 chromosrane identification). 

Figure 9 is a graphical representation showing a hydropiatiiy analy^ (span 
lengtii: 25) of the predicted translational product of the HEK AS cDNA. The 
Y axis mdicates a hydropathy index, witii hydrophobic residues appearing 
30 above die origin and hydroidiilic residues below. The AAs comprismg the 
translated product of tiie HEKcDNA are numbered along flie X axis from 1- 
983. 
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EXAMPLE 
1. Materials and Methods 

Cdl lines, Mab 1114 ZiEirprDtein stracture and fkmcdon 
5 The LK63 and LK63/CX)20+ cell lines were derived firom a child with acute 
lymphoblastic leukaemia. LK63/CD20+ is a tetraploid variant of LK63, \diich 
arose spontaneously in vitro and has enhanced HEX egression. In contrast to 
the parental cell line, LK63/CD20+ esq^resses CD20. These lines have 
cytogenetic features of pre-B cell leukaemia and have not been transformed 
10 with Epstein-Ban- virus (24). JM and HSB-2 are CDS +, human T cell 
leukaemic cell lines. 

The IIIA4 Mab was generated against the LK63 cell line and recognised a 
135kD, cell surface molecule (HEK^ with in Yitm kinase activity ea^essed by 
15 LK63, LK63/CD20+ and JM (25). 

The IIIA4 Mab was used to purify /£E!Xl antigen for amino acid sequencing 
(25). The amino add sequences obtained were as follows, wiiere doubtful 
residues are bracketed and unidentified residues arc marked X: N terminus- 
20 ELIPQFSNEVNLXD(S)KXIQ; internal- GYRLPPPMDCPAALYQLMLDC 

LK63 cDNA library construction and screening 

A random primed cDNA library was constructed in AgdO (Amersham) using 
5ug of poly A+ selected mRNA firom LK63/CD20+ cells. A degenerate 
25 oligonucleotide was designed on the basis of the internal (3') HEK^protein 
sequence. The neutral base inosine was included at positions of hi^ codon 
degeneracy (26). The 51 men 



30 



TACCGICnCCICCICCIATGGACTGCCCIGCIGCICTITACCAACnATG 
T T T T G 
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was end labelled using y32P-deoa^adenosine triphosphate (ATP) and 
polynucleotide kinase, followed by separation on a G25 Sephadex column as 
previously described (27). Approximately 250,000 plaques were screened in 
5 2xSSC (SSC = 0A5M NaO, 0.015M sodium citrate) hybridisation buffer at 
37 as previously described (27}. Washes were performed in 2xSSC/0.1% w/v 
sodium dodec^ sulphate (SDS) at 42-55^. The signal from one duplicating 
plaque persisted following 55 washes. The DNA from this plaque contained 
an insert of i5kb (HEKIS). HERTZS was labeUed with o?¥-ATP 

10 (Amersham random primer kit) for Norfliem blot analysis of LK63 cells. The 
potymerase chain reaction (PGR) was performed using HEK23 and 
oligonucleotide primers based on conserved moti£s within the c^atalydc domain 
of FTKs and the 3* anoino add HEK sequence, as previously described (28). 
HEK2J5 was labelled with o^-ATP (as above) and used to rescreen the 

15 random primed LK63 cDNA library in 2xSSC hybridisation buffer at 65*. 
Thirty two duplicating positives were isolated and screened by hybricfisation 
with a degenerate oligonucleotide based on the N terminal iZEfiCprotein 
sequence. A 43 kb HEKdone {HEK AS) vM<dSx hybridised with the N termiiud 
oligonucleotide was diosen for complete characterisation. 

20 

DNA. seqnoticing and analysis of HEK^cDNA 

HEKAJS was subcloned into pGEM7 vdiich had been digested with EcoRI and 
treated with calf intestinal phosphatase. Double stranded DNA was purified on 
a caesium chloride gradient and used as die temidate in dideojgr drain 
25 termination sequence reactions (29). Sense and antisense oligonudeotide 
primers wwe used to complete sequencing wifli T7 DNA po^mierase 
(Promega). Protein sequence alignment was performed using the GAP 
programme (University of Wisconsin, Genetics Computer Groiq>). 
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Ekpression of HEKin COS cells 

The HEK4.S EcoRI insert was blunt ended with Klenow DNA polymerase 1 
and dATP plus dTTP, foUowed by ligation to BstXI ads^tors. The adapted 
5 insen was ligated to BstXI digested CDM8 (30). Sense and antisense 
constructs were prepared and transfected into COS cells using DEAE- 
dextran/chloroquine with dunethyl sulphoxide (DM50) (17). Two days post- 
transfection, COS cells were stained with IIIA4 followed by fluorescein 
isothiocyanate conjugated (FrrC)-conjugated sheep anti-mou$e 
10 immunoglobulin (Ig) (Silenus) and examined imder a fluorescence microscope, 

. Northern and Southmi blot analysis of cell lines 

Poly A+ selected mRNA was isolated as previously described (31) and 
fractionated on a 1% formaldehyde agarose gel prior to transfer onto a 

15 HybondC extra membrane (Amersham). Inters were probed with HEX 4.5 and 
subsequently with .a glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
insert as a control. DNA was prepared by lysis with guanidine hydrochloride 
(32), transferred to Zet^obe membranes and hybridised under conditions 
suggested by the manufacturer (Bio-Rad). In order to minimise cross 

20 hybridisation with other tyrosine kinases in Southern analysis of genomic DNA, 
PCR was used to generate a 1.1 kb i£EfCprobe wiiich spans a less highly - 
conserved region of the molecule (nudeotides 1,109 to 2,241, HgJ). The 
autoradiogram of the Southern blot was digitised using the MacScan 
progranune on a Macintosh IIx computer. 

25 

Sratchard analysis of IIIA4 binding to cell lines 

Binding of labelled IIIA4 to cell lines was performed in competition with 
unlabelled IIIA4 as previously described (33). 

30 Protein analysis 

The ZfE/iL protein was subjected to hydrophobicity analysis as described by 
Kyte and Doolittie (40), The results are shown in Figure 9. 
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Oligos to construct explosion vectors mcoding variants of the extracelliilar 
domain of HEK 

Primer HEFS' /92 has the following sequence: 

Bam HI Eco Rl 

5 I 1 I 1 

GTAGGGATCCGAATTCTGCACCAGCAACATG 
I ; I 

The BamHl and Eco Rl sitos are indicated above the sequence and the 
10 underlined portion corresponds to positions 86 to 102 of the sequence set forOi 
in Figure 1. 

Primer HEKrEEl4/92 has the sequence: 

15 Bam HI 
I 1 

GTAGGGATCCTACACTTGGCTACTTTCA 

V' ' 

Strop I Codon 

20 

The underlined portion after the stop codon is the reversed and complemented 
sequence of nudeodde 1710-1725 of figure 1. 



25 



Bam HI 
I 1 

GCG6ATCCTTGCCTACTTTCACCA, 
I : 1 



30 



The underlined sequence \^en reversed and complemented corresponds to 
1708-1723 of the sequence in Hgure 1 and does not contain the stop codon 
permitting read through from the BamHl site. 
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PGR Conditions 

PGR was performed with Taq polymerase imder standard conditions using 
CsCl purified pCEMl-HEK, which contains the fiiU length HEKcDfiA^ as a 
5 template. Cycle times and temperatures: 

60* at9r*C 

6(rat55X 

90* at 73^ 
the reaction was carried out for ten cycles. 

10 

1- The 1.7 kb PGR product of the HENS' 191 and HEK/BE14/9Z was purified 
using Genedean, digested with Eco Rl and BamHl and cloned between the 
Eco Rl and Bd I site of pEE14 (obtamed from Celltedi, Berkshke» UK). 

15 Analysis showed the predicted 1.7 kb insert in the dones \diich were 
designated ''pEE14-flEK*. 

2. The 1.7kb PGR product of STHEKSnS^l and HEK/TAG/S' was digested 
with BamHl, doned into Bglll site of AP-Tag-1, Flanagan & Leder (39). 
20 Using SnaBl, the sense of the dones could be determined to fused dones wiUi 
the correct orientation. The resulting dones were designated AP-TAG-HEK 

Expression 

pEE14-/£Ea:was transfected into CHO cells and lines selected with methionine 
25 sulfoxime. 



AP-TAG-HESTwas transfected into 3T3 cells with pSV2 neo and dones 
selected with G418. 
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EXAMPLE 
2. HEK 

5 Isolation and characterisation of dDNA clones for HEK 

One duplicating signal was obtained from screening approxunately 250,000 
plaques of an LK63-derived AgtlO cDNA library under relaxed condidons ^fli 
a degenerate 51 mer oligpnudeotide. This plaque contained a Z5 kb insert 
(HEKLS) wbidi hybridised widi a sin^e 5^6.0 kb mRNA species in Nordiem 

10 blot analysis of ceU lines oqpressing HEKLg. LK63 and XM FCR using HEK 
25 and oligpnudeotide primers based on conserved motife within die catalytic 
domains of tyrosine kinases (28), gave DNA products of the appropriate Size* 
These results indicated HEK23 was truncated at die 5* end. HEK23 vi^ used 
to rerscreen the library under more stringent condidons and a 4.5 kb HEK 

15 {HEK AS) done isolated. This done hybridised with a degenerate 

oligonudeodde based on the N terminal protein sequence and produced DNA 
bands of the predicted sizes in PCR reactions using the primers referred to 
above. These data indicated the AJS Kb done probably contained the complete 
HEK coding region. 

20 

The sequence of die coding region for HEK together widi pardal 3' and 5* 
untranslated sequence, is shown in Rgure !• An open reading frame of 2,952 
nudeoddes extends from the inidadon methionine at position 100 to the first 
termination codon at position 3051. Translation of die cDNA results in a 

25 predicted protem of 983 amino adds (AAs). TTiere is identity between the AAs 
obtained by sequendng of purified HERTprotein and the predicted AA product 
of die cDNA done (see Rg. 1). The predicted molecular weight of the 
translated protein (minus the putative signal peptide) is 92.8 kD. This is in 
^od agreement with previous results demonstrating a core protein of 

30 approximately 95 kD in both tunicamycin- and endogjycosidase-treated LK63 
cells (25). The predicted protein product of the iiE/C cDNA done has the 
features of a type la integral membrane protein (35). Two predominantly 
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hydrophobic regions indiciate a putative signal peptide (AAs 1-20) and a 
transmembrane segment (AAs 542-565). The extracellular domain of 521 AAs 
contains five possible sites for N linked ^ycos^adon. The N terminal region 
(AAs 21-376) of the extracellular domain is rich in cysteine residues. The C- 
5 tmninal region (AAs 326-511) of the extracellular domain contains two 
repeats homologous to those found in fihronectin type HI (36). The 
cytoplasmic domain (AAs 566-983) of HEKcontmns a typical ATP binding site 
(GXGXXG) at AA positions 628-633 and a putative autophosphoxylation site 
(E/DXXYXX) at position 779. 

10 

Protein sequence alignment shows a high degree of homology between HEK 
and eph, elk, eck, eek and erk in the catalytic domains. HEKThas the following 
overall protein sequence homology with each of the three sequenced members 
of die eph RTK family: (chicken) CEK 56.4%, (rat) elk 56.1%; (rat) eck 
15 50.6%; (human) eph 423%. Protein sequence alignment between HEK and a 
close relative ELK is shown in Figure 2. The homology between these 
molecules is greatest within the catalytic domains. Outside the catalytic 
domains, nimierous short moti£s; vAnch may be of structural or functional 
significance, are conserved between HEK, eph, elk and eck, particularly 

20 towards the N terminus. There is strict conservation of the number and spatial 
arrangement of cysteine residues within the extracellular domains of HEK, eph, 
elk and eck (34). These cytokine residues cluster within the N terminal portion 
of the extracellular domains (36). The C terminal regions of the extracellular 
domains contain repeats wiiich are homologous to those foxmd in fibronectin 

25 type III (36). HEK has a cysteine in the C terminal tail (AASKW), rather than 
the tyrc^ine vMch is conserved in this position between other members of the 
EPH/ELK family. This may be of significance in that phosphorylation of C 
terminal ^osine residues can regulate tyrosine kinase activity (37). However 
HEKhBs a C tenninal tyrosine at position 937, \i*ich also appears to be in a 

30 better context for autophosphorylation (38). 
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TYansfecdon and e3q>ression of HEKin COS cells 

To demonstrate that the cDNA clone isolated did indeed encode the molecule 
recognised by the IIIA4 Mab» HEKA3 was subdoned inxo the eapression 
5 vector CDM8 and transfected into COS cells in both sense and antisense 
orientations. As shown in Figure 3, COS cells transfected widi HEKin the 
sense orientation stained specifically with II1A4, confirming diat the cDNA 
done contains the fiill coding sequence and is identical to tiie molecule 
recognised by niA4. COS cells transfiected with HEKin the antisense 
10 orientation did not stain with IIIA4. 

Esqpression of HEKin human lymphoid cell lines 

.Cell surfece staining with IIIA4 revealed a highly restricted pattern of HEK 
expression on LX63 - a pre B cell line, and JM - a T cell line. To further 

15 explore the expression of HEX, Northern blot analysis was performed with 

HEKA3 (Figures 4 to 6). A single 55-6*0 ld> band was sem in both LK^ and 
JM cells. However there was a less intense band of the same size in anoth^ T 
cell line - HSB-2 - vftncTx did not stain with IIIA4. Other cell lines in \i^ch 
iy!Efir transcripts were detected include Lila-1, MOIT4 and HeLa* There were 

20 no HEKxxzDScnpts detected in a range of other cell lines although a weak 

band was se^ in heart muscle (Rgure 6). The number of HEXmolecuIes was 
detennined on HSB-2, LK63/CD20+ and odier cells usmg Scatdiard analysis 
of IIIA4 MAb bmding. The LK63/CD20+ cells had approximately 15,000 sites 
per cell and JM cells had 9,500 sites per celL In contrast, HSB-2 had 

25 approximately 1,070 sites per cell, whidi is too low for detection by 

immunofluorescence against die autofhiorescence background of this cell line. 
The aEBnity constants for antibody binding were in the ran^ of 23-4.0 x IC?. 
Raji and K562 cells showed no detectable antibody binding above backgroxmd. 
Tables 1 and 2 summarise the phenotype of HEfiT expression cell lines. 



30 
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Southern blot analysis 

To investigate the basis for ovcreiqiression of HEKia the lymphoid tumour ceU 
line LK63, Southern analysis of genomic DNA was performed (Figure 7). A 1.1 
5 Icb fragment covering a less conserved region of HEKisee above), was used as 
a probe in order to minimise background arising from conserved regions of the 
catalytic domains of related tyrosine kinase molecules. Compared with normal 
peripheral blood mononuclear ceU DNA, there is no apparent amplification or 
rearrangement of the HEKgpne in the LK63 or LK63/CD20+ tumour cell 
10 lines. 

Omomosomal assignment of HEK 

HEKcTDNA was used as a probe to locate the position of the HEKg^ne within 
the normal human chromosome complement. Chromosomal assignment was 
15 performed in two ways - by in situ, hybridisation and by Southern analysis of 
somatic ceU hybrids. Thirty normal male metaphases were examined for a 
fluorescent signal. Twenty four of tfiese met^hases showed signal on one or 
bodi chromatids of chroniosome 3 in the region of 3cen-^3pl2.1. 85% of this 
signal was at 3pll.2 (Figure 8). There were a total of nine non-specific 
20 background dots observed in these 30 metaphases. Snnilar results were 

obtained from the hybridisation to the second male. Southern blot analysis of 
the hybrid cell panel showed hybridisation of the HEKprobe only to hybrids 
containing material from human chromosome 3. Bands of 5.2, 4.8, 43, 2.4 and 
1.9 kb were obtained from the Hind HI digest and bands of 43, 3.2 and 1.9kb 
25 were obtained from tiie Taql digest The hybrid cell panel used represents die 
entire human genome except for diromosomes 2, 6q, 8, lip and Y. The 
results from both techniques tims localised die HEKgbne to chromosome 3 
and in situ, hybridisation analysis positioned diis more precisely to 3pll.2. This 
region was not cytogenetically abnormal in AEiC-positive tumours. Similarly, 
30 there was no isolated change in the copy nxunber of chromosome 3 in HEK- 
positivc cell lines and no isochromosome formation involving chromosome 3. 
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TABLE 1 Phenci^pe of /lEK^positive Innmn lynqphoid cdl lines. 
The phenotype of IZERfpositive cell lines was detamined by staining tor T and 
B ceU marfceis foHo^ved by FACS analysis. + weakly positive, + + positive, 
+ + + strong^ positive. 







IBM 


CD1» 


C03I 


cm 


CDZ 


C03 


CD4 


C07 




LK53 




















COB 1 


LKBSr 


+ + + 




















L2a-1 




































+ 








JM 


+ 








+ 




+ 


















4' 













TABIJE2 Summary of HESTeaqpression in human cell lines 
HEISpositive cell lines w«:e diaracterised using a combination of cell surface 
staining Northern, blot analysis and Scatdiard anafysis. + weakly positive, + 
positive, + + + strongjy positive. NT, not tested. 
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Those skilled in the art will appreciate that the invention described herein is 
susceptible to variadons and modifications other than those specifically 
described. It is to be understood that the invention includes all sudi variations 
and modifications. The invention also includes all of the steps, features, 
compositions and compounds referred to or indicated in this specification, 
individually or collectively, and any and all combinations of any two or more of 
said steps or features. 
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CLAIMS: 

1. An isolated reoeptor-Qpe tyrosine kinase, said tyrosine kinase 
diaracterised by, in its natin-aDy occuning fo 

monoclonal antibody IILA4, havixig an sqpparant molecular wei^t of 
approximately 120-150 kD in its giycos^ated form and having an N- 
t^minal amino add sequence oonqNising; 

BLIPQP 

2. The tyrosine kinase according to claim 1 having an N-terminal amino 
acid sequence comprising: 

ELIPQPSNBVNLXD(S) K I Q 
ivfaer^ X and X7 are any amino acid. 

3. The Q^rosine kinase according to daim 2 vvherein X and are L and T, 
respectively. 

4. An isolated reoeptor*type ^osine kinase having the amino add 
sequence substandally as set forth in Rgure 1 or any parts or portions 
thereof or having an amino add sequence with at least 30% homology 
to the sequence set forth in Figure 1 and having the identi^ing 
diaracteristics of a human eph/eOc-like kinase {HEK^. 

5. The QTOsine kinase according to any one of daims 1 to 4 in 
recombinant or synthetic form. 

6. A nucleic add isolate comprising a sequence of nudeotides encoding or 
complementary to a sequence encoding, the tyrosine kinase according to 
claim 5. 
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7. A transgenic cell or ceHl culture canying Ac nucleic add isolate 
aooording to daim 6. 

8. A transgenic cett or cell cnltore acanrding to daim 7 -^cii is a 
mammaHan, insect, yeast or bacterial oelL 

9. A transgenic cea or c^ culture according to claim 8, x*ateiii Ae cell is 
a CHO, baculovinis or E.XQlLcdL 

la An antagonist to a ligandWnding to the lyrodne kinase of daim 1. 

11. Aphannaoentical conqx»tion u u ii iiwisi n g a soluble ftnrm of a zeceptor> 
Qpe ^sine Idnase, said ^roone kinase characterised by, in its 
naturally occurring form, b«ng reactive to monodonal antiboify niA^ 
having an apparem molecular Dvdg^ off approximately 120-15(»I> in its 
gj^rcosjiated form and having an N-terminal amino add sequence 
conqnridng: 

ELIPQP, 

ssdd composition further comprising one or more pharmaceuticalty 
acceptable carrim and/or diluents. 

12. The phannacentical composition accoiduig to daim 11 'wherdn tte 
tyrc^ine kinase has an N-tominal amino add sequence compnsang^ 

ELIPQPSNBVNLXD(S)KX*iQ 
-vdierein X and ?C are any amino add. 

13. Hie pharmaceutical composition according to dahn 11 -ndierein X and 
X* are L and T, respectively. 
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14. The phannaceutical composition according to claim 11 wherein the 
QTOsine kinase has an amino acid sequence substantially as set forth in 
Rgure 1 or any parts or portions th^eof, or having an amino add 
sequence with at least 30% homology to the sequence set forth in 
Figure 1 and having the identifying characteristics of a human eph/elk- 
like kmase {HEX). 

15. The pharmaceutical composition according to any one of claims 11 to 
14 iKlierein the tyrosine kinase is in reccmibinant or synthetic form. 

16. A method of ameliorating the efiects of interaction or binding between 
HEKzsA its ligand in a mammal comprising administering to said 
mammal an effective amount of the antagonist according to claim 10. 

17. The mediod accordmg to daira 16 wherein the antagonist is a soluble 
form of HEKoT a derivative or part thereof. 

18. The mediod according to daim 17 further comprising the administration 
sequentially or simultaneously of another active compound. 

19. The method according to daim 18 \i4ierein the other active compound 
is a cytokine or an anticancer agent. 

20. A method of phosphor^ating a protein comprising contacting a 
preparation of said protein with an effective amount of the receptor- 
type tyrosine kinase of claim 1 for a time and under conditions 
suffident to effect phosphorylation of the protein. 

21. The method according to claim 19 \^erein the receptor-type tyrosine 
kinase is HEK 
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22. A metbod of screening for a ligand bound to tissue or cells to the 
rec^tor-type tyrosine kinase of claim 1 comprising contacting the 
tyrosine kinase fused to a reporter molecule enable of producing a 
detectable signal to die tissue or cell sample to.be tested for a time and 
wad&r conditions sufiBdent for the fused tyrosine kinase to bind to a 
ligand on said tteue or cells and dien detecting die reporter molecule. 

23. Hie method according to daim 22 herein the reporter molecule is 
alkaline phosphatase. 

24^ Hie method according to daim 22 or 23 herein the tyrosine kinase is 
encoded by AP-TAG-HEK 

25. A method of screening for a soluble ligand to ^e reoepter-type tyrosine 
kinase of daim 1 comprising contacting a sanqile to be tested vntix a 
cell line capable of e^qpfressing die tyrosine kinase and screening for 
phosporyiation in said cell line. 

26* The method according to daim 25 herein die cell line is LK63 or a 
HEKTtransformant cell line. 

27. The method according to daim 25 or 26 \dierein the sample is a 
supernatant fluid. ^ 

28. Hie method according to daim 25 altemativety conqnising passing die 
sanqde dirough an afBnity cohmm having the tyrosine kinase 
immobilised diereon* 
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